Objective and Methods: Renal denervation is a minimally invasive, catheter-based option for the treatment of refractory hypertension. Indications and contraindications for renal denervation have been defined in an interdisciplinary manner. The efficacy and safety of the procedure were evaluated. Results: Currently, indication for renal denervation is limited to patients with primary hypertension and a systolic blood pressure of ≥ 160 mm Hg (or ≥ 150 mm Hg in diabetes type 2) despite optimal medical therapy with ≥ 3 different antihypertensive drugs. In this specific patient population, an average blood pressure reduction of 32/14 mmHg was observed in non-randomized/-controlled trials after renal denervation. These results were not confirmed in the first randomized controlled trial with a non-significantly superior blood pressure reduction of 14.1 ± 23.9 mm Hg compared to controls (−11.74 ± 25.94 mm Hg, difference −2.39 mm Hg p = 0.26 for superiority with a margin of 5 mm Hg) who underwent a sham procedure. Conclusion: The efficacy and long-term effects of renal denervation need to be re-evaluated in light of the HTN3 study results. To date, renal denervation should not be performed outside of clinical trials. Future trials should also assess if renal denervation can be performed with sufficient safety and efficacy in patients with hypertension-associated diseases. The use of renal denervation as an alternative therapy (e. g. in patients with drug intolerance) can currently not be advocated. Key points: ▶ The indication for renal denervation should be assessed in an interdisciplinary fashion and according to current guidelines with a special focus on ruling out secondary causes for arterial hypertension. Review 237 Nähle CP et al. Renal Denervation: Unde … Fortschr Röntgenstr 2015; 187: 237-247
▶ 5 -10 % of patients with hypertension suffer from refractory hypertension, but only about 1 % of patients meet the criteria for a renal denervation. ▶ Renal denervation leads to a significant decrease in office blood pressure; however, the impact on 24-hour blood pressure measurements remains unclear. ▶ In the first randomized controlled trial on renal denervation with a control group undergoing a sham procedure, blood pressure reduction failed to reach the anticipated level of superiority over best medical treatment.
▶ Periprocedural complications are rare, but long-term safety can currently not be appraised due to the limited data available. 
Epidemiology
With approximately 30 million people affected in Germany, arterial hypertension is the most common disease of the cardiovascular system. At the same time, hypertension is the most common cause of fatal cardiovascular events, such as stroke, cardiac insufficiency, or heart attack [1] . This high rate of complications of hypertension requires early diagnosis and treatment to improve the prognosis of these patients. A major challenge here is that hypertension does not have typical symptoms but rather symptoms that are non-specific and slowly progress over time, such as headache in the morning, fatigue and reduced physical endurance. Therefore, the disease is often diagnosed late. According to the current guidelines, arterial hypertension is present when blood pressure values exceed 140/90 mmHg at rest [2] . The large majority of patients can be well controlled with antihypertensive monotherapy or with a combination of two or three antihypertensive substances [3] . According to current guidelines, "resistant" or "therapy-resistant" hypertension is present when blood pressure cannot be normalized (< 140/90 mmHg) despite administration of 3 or more blood pressure-lowering medications (including a diuretic) [2] . These patients are particularly at risk for the above mentioned complications since the risk of a fatal cardiovascular disease doubles in adults between 40 and 70 years old when the systolic blood pressure increases by 20 mmHg or the diastolic blood pressure increases by 10 mmHg [4] . Based on these blood pressure limits, 5 -10 % of hypertensive patients in Germany are resistant to treatment [5] . In a large study with over 60,000 patients of whom 12.2 % suffered from treatment-resistant hypertension according to these criteria, the percentage reduced to 7.6 % after an ambulatory blood pressure measurement [6] . In addition to this "office hypertension", inconsistent intake of medication is a further cause of treatment resistance. In a current publication, there was medication non-compliance in approximately one-fourth of patients scheduled to undergo renal denervation [7] . In a retrospective analysis, the percentage of hypertensive patients suitable for renal denervation under the HTN-3 inclusion criteria (see below) was only 0.8 % [8]. However, it must be taken into consideration here that the defined limits for treatment resistance (> 140/ 90 mmHg) differ from the lower blood pressure limits for renal denervation (> 160 mmHg).
Clinical practice
With respect to underlying etiology, primary types of hypertension are differentiated from secondary types. While the underlying causes of primary hypertension are largely unclear, diseases of the kidneys, vascular changes (aortic coarctation), sleep disturbances, or changes in hormone metabolism are causes for secondary types of hypertension. A secondary form of hypertension is often present in treatment-resistant hypertension. Therefore, in the case of insufficient response to treatment with medication, office or white coat hypertension (pseudoresistance) [8, 9] , unreliable intake of medication [10, 11] , suboptimal or false medication combination, and secondary types of hypertension must be ruled out as the cause of "treatment-resistant" hypertension.
The indication for renal denervation should be determined in an interdisciplinary manner and with participation of a Hypertension Excellence Center (ESH) or a hypertension specialist certified by the German Hypertension Society [12, 13] . The diagnostic algorithm for determining diagnosis and thus indication is based on the recommendations of the American Heart Association for the diagnosis, evaluation, and treatment of treatment-resistant hypertension [5] shown as a flowchart in • " Fig. 1 .
Primary, treatment-resistant hypertensionpathophysiology of renal denervation ! The theoretical, pathophysiological considerations on which the principle of renal denervation is based have already been described in detail elsewhere [14 -19] and are only briefly summarized here. The efferent sympathetic nerve fibers arise from the sympathetic ganglion of the sympathetic trunk in the thoracolumbar transition region (Th10-L1) and then run in the adventitia of the renal arteries in a reticulated manner into the kidneys ( • " Fig. 2 , 3) [20, 21] . The efferent sympathetic fibers activate the renin-angiotensin-aldosterone system that can contribute to increased tubular resorption of sodium with consecutive volume retention via release of renin in the juxtaglomerular apparatus and to hypertension via renal and systemic vasoconstriction (with reduction of renal blood flow) [22 -24] . The afferent sensory fibers influence (activated e. g. by increased concentrations of adenosine and nitric oxide or renal ischemia) the central sympathetic nervous system activity in the hypothalmus ( • " Fig. 2) [16, 18, 25] .
In animal experiments it could be demonstrated that increased activity of these afferent fibers results in an increase in blood pressure [17, 26] . This relationship as shown in animal experiments serves as an explanation for the reduced sympathetic muscle nerve activity after explantation of the diseased kidneys in patients having undergone kidney transplantation [19] . It was therefore postulated that the interaction between the kidneys and sympathetic nervous system (activity) plays an important role in the development and persistence of arterial hypertension also in patients without detectable renal disease [18, 22, 27, 28] . Additional negative effects of increased ac- tivity of the sympathetic nerve system and renin-angiotensin-aldosterone system include increased gluconeogenesis in the liver, the development of left ventricular hypertension, cardiac ischemia and arrhythmia, and vasoconstriction and enhancement of arteriosclerotic processes in the blood vessels ( • " Fig. 4 ) thus promoting the occurrence of hypertensive organ damage and comorbidities [29] . The above-described regulatory circuit is the point of action in renal denervationwhich modulates (reduces) the sympathetic activity or its transmission by thermal damage to the sympathetic nerve fibers [30] .
Renal denervationplanning and implementation of the intervention ! Performing preinterventional computed tomography can be helpful for planning the intervention [31] and for ruling out renovascular hypertension [32] . Digital subtraction angiography (DSA) of the aorta is first performed intraprocedurally for orientation purposes to visualize the anatomical relationships [33] . Four catheter systems (Medtronic Ardian, St. Jude Medical EnligHTN, Vessix Vascular V2, Recor Paradise) are currently available in Europe for renal denervation. Covidien stopped distributing the OneShot system at the beginning of 2014 [34] . The anatomical requirements of the different ablation systems and the differences in the structure and application of the ablation catheters are shown in • " Table 1. To be able to ablate a sufficient portion of the sympathetic nerve fibers, a minimum length of the renal artery of approx. 20 mm to the first bifurcation is needed. First study results indicate that renal denervation with ablation of the dominant renal artery is possible in the case of aberrant or accessory renal arteries [35] . However, there may be less of a blood pressure reduction in these patients [36] . Ablation is performed sequentially on both sides under repetitive DSA control using a high-frequency alternating current that is applied via electrodes at the catheter tip. As a result, there is local heating of the vascular wall to 45 -70°C of causing thermal damage to the sympathetic nerve fibers in the vessel adventitia. The geometric arrangement of the ablation sites ( • " Fig. 1 ) depends on the system used. De-pending on the system being used, there is no cooling, intraluminal cooling by blood flow, and/or by additional rinsing with heparinized salt solution via the guiding sheath. The ablation duration and the maximum energy output also differ depending on the system ( • " Table 1) .
Immediately after ablation, intramural edema can occur
at the ablation sites ( • " Fig. 5 ). However, this is not flowlimiting and often can no longer be detected on final angiography. During the intervention, systemic anticoagulation (activated clotting time (ACT) between 200 -250 s) is necessary in addition to the above-mentioned rinsing of the catheter system. In total, the intervention takes approx. 30 -45 minutes depending on the system. Since the C-fibers (conducting pain) run together with the sympathetic nerve fi-smooth vascular muscle cells -migration -vasokonstriction -atherosclerosis renin release -RAAS -Systemic sympathetic nervous system activation sodium retention -hypervolemia educed renal blood flow proteinuria BNP resistance renal ischemia -stroke volume -adenosine -hypertrophy -arrhythmia -ischemia -cardiac insufficiency afferent renal nerves efferent Fig. 4 Physiologic feedback control system of the sympathetic system with focus on the renalsympathetic innervation (adopted from [75] ). bers, the ablation procedure is painful and deep analgesia is typically required. The pain ceases immediately after ablation. Analgesia should be performed according to the relevant guidelines [37] . Following renal denervation, thrombocyte aggregation inhibition (typically with ASS 100 mg/ d for 4 weeks) is recommended.
Study results

!
Blood pressure reduction
The non-randomized cohort study Symplicity Hypertension (HTN)-1 was intended to prove the effectiveness and safety of renal denervation as a proof-of-concept study [30] . In this first study, renal denervation was performed in 45 patients with treatment-resistant hypertension. Despite treatment with an average of 4.7 antihypertensive medications, the average blood pressure prior to renal denervation was 177/101 mmHg. In the follow-up period of 12 months, there was a significant reduction of mean office blood pressure of 14/10 mmHg (after 1 month), 21/10 mmHg (after 3 months), 22/11 mmHg (after 6 months), 24/11 mmHg (after 9 months), and 27/17 mmHg (after 12 months, p = 0.026). To determine the renal sympathetic nervous system activity in 10 patients, the renal noradrenaline spillover rate was additionally determined. Continuous infusion with adrenaline marked with radioactive tritium is performed and the extraction rate is calculated from the difference between the renoarterial and renovenous concentration [14, 38] . The noradrenaline spillover rate decreased after renal denervation on average by 47 % and correlated with the blood pressure reduction of 22/10 mmHg after 6 months. However, the initial hypothesis that renal denervation generally results in systemic lowering of the sympathetic nervous system activity could not be confirmed in another study [39] . 106 patients with treatment-resistant hypertension were included in the randomized Symplicity HTN-2 study between June 2009 and January 2010 [33] . Systolic blood pressure values of ≥ 160 mmHg or ≥ 150 mmHg had to be regularly present in patients with type 2 diabetes. At the start of the study, the average blood pressure values were 178/96 mmHg prior to randomization despite the intake of an average of 5.2 antihypertensive medications. 1:1 randomization into a treatment group (intervention) and a con-trol group (continuation of treatment with medication) was then performed. Six months after renal denervation, the blood pressure in the control group was unchanged but had decreased in the patient group having undergone renal denervation by an average of 32/12 mmHg (p < 0.0001). However, only a lower blood pressure reduction of 11/ 7 mmHg compared to the control group was seen in the 20 patients of the HTN-2 study in whom an ambulatory blood pressure measurement was performed. 46 patients with treatment-resistant hypertension were treated in the prospective uncontrolled EnligHTN I study [40] . After 6 months a reduction of the systolic blood pressure of more than 10 mmHg (average 26 mmHg) and of the diastolic blood pressure of an average of 10 mmHg was seen in 76 % of the patients. 33 % of the patients reached the target blood pressure range of < 140 mmHg [40] . After renal denervation with the Paradise system (ReCor Medical) in which denervation is performed via ultrasound ablation instead of radiofrequency ablation, lowering of the office blood pressure by 36/17 mmHg or 22/12 mmHg in the ambulatory blood pressure measurement was observed after 3 months [41] . In addition to these industry-initiated studies, data from smaller studies that were able to confirm the above results only partially or not at all have since been presented. In the above-mentioned study by Brinkmann et al., neither blood pressure lowering nor a change in the sympathetic nervous system activity could be documented [39] . In a second study, the influence on the 24-hour blood pressure profile was significantly lower than the effect of the office blood pressure values [42] . Furthermore, renal denervation seemed to have a smaller effect on the prognostically important ambulatory blood pressure measurements [43] than on the office blood pressure measurements [42 -44] . For example, the office blood pressure values decreased on average by ≈ 30/15 mmHg while the ambulatory blood pressure values only decreased by 23/10 mmHg [42] . In another smaller study including 11 patients, only the office blood pressure decreased (189 ± 23/92 ± 15 vs. 158 ± 24/88 ± 17 mmHg, p > 0.05), while the blood pressure of the 24hour measurement did not change (149 ± 19/82 ± 17 vs. 142 ± 18/79 ± 15 mmHg, p > 0.05) [45] . This difference in blood pressure reduction between office measurements and ambulatory blood pressure measure- ments is already known from pharmacological studies. A current meta-analysis was able to show that the office blood pressure was significantly lower (by 5.6 mmHg) than ambulatory blood pressure measurements in unblinded/ non-randomized pharmacological studies. This difference can no longer be detected after blinding and randomization [46] . The authors therefore predict that the blood pressure reduction due to renal denervation could be in the order of magnitude of 10 -15 mmHg [46] . In a first analysis of the scarce data, no statistically significant difference regarding the frequency of cardiovascular events could be shown between patients treated by renal denervation and the control group treated with medication [33] . As a result of the recently published data of the HTN-3 study [47] , which was the first controlled and randomized study with a blinded control group, a new evaluation of renal denervation as a treatment option needs to be performed. In this study a total of 535 patients were randomized in a ratio of 2:1 into a denervation group and a control group [47 -49] . The patients in the control group underwent a sham intervention under deep sedation so that these data allow the evaluation of effectiveness and riskbenefit ratio in particular in comparison to optimum treatment with medication and under minimization of methodological and statistical error sources [49] . The primary end point was the change in the office blood pressure after 6 months and the secondary end points were changes in the 24-hour blood pressure measurement and the safety of renal denervation [49] . However, the primary and secondary effectiveness end points ( • " Fig. 6 ) were not reached [47] . The systolic office blood pressure decreased by 14.1 ± 23.9 mmHg in the denervation group and by 11.7 ± 25.9 mmHg in the control group (p < 0.001) with the group difference being 2.4 mmHg (95 % confidence interval -6.9 mmHg -2.1 mmHg, p = 0.26 for a superiority with a margin of 5 mmHg). The 24-hour blood pressure decreased by 6.8 ± 15.1 mmHg in the denervation group and by 4.8 ± 17.2 mmHg in the control group with the group difference being 1.96 mmHg (95 % confidence interval -5.0 mmHg -1.1 mmHg, p = 0.98 for a superiority with a margin of 2 mmHg)). The current data of the worldwide Sympli-city Register with a reduction in the office blood pressure of 11.9 mmHg and the 24-hour blood pressure of 7.9 mmHg are also significantly below the previously published results [50] . There are multiple possible explanations for the discrepancy in the blood pressure reduction between the HTN-3 study and the register data on the one hand and earlier studies that used the Symplicity catheter system on the other hand: 1. Lack of a control group: In the earlier, nonrandomized studies [40, 51] , the treatment results were compared to the initial, baseline blood pressure values of the same patient and not to a control group resulting in a false evaluation of the effectiveness of the treatment. 2. Regression to mean effect: Higher blood pressure values on the day of study inclusion that facilitate or allow study inclusion are compared to "true" lower control values during follow-up [52] . This can also lead to an incorrectly good evaluation of treatment effectiveness. 3. Better medication compliance: Without a control group, the observed blood pressure reduction can be partially attributed to better intake of medication as a result, for example, of regular study follow-up (Hawthorne effect) [53] . 4. Detection bias and placebo effect: In the case of a lack of blinding, a therapeutic effect, i. e., blood pressure lowering, is expected. A possible placebo effect is then incorrectly attributed to the treatment [54] . The 3-year follow-up data of the HTN-1 study population that suggest that the achieved blood pressure reduction seems to be lasting must be reevaluated in the light of the HTN-3 study results [55] . The average systolic/diastolic blood pressure reduction was 26.5 ± 21.5/13.5 ± 14.1 mmHg (n = 123 patients) after 12 months, 28.9 ± 23.5/14.0 ± 15.2 mmHg (n = 105 patients) after 24 months, and 32.0 ± 17.6/14.4 ± 11.8 mmHg (n = 88 patients) after 36 months ( • " Fig. 7) , so that a long-lasting effect or even irreversibility of the thermal nerve fiber damage is assumed [56] . In addition to the fundamental concerns regarding the effectiveness of the treatment method, it is of note that in contrast to the data from an earlier publication [33] the number of antihypertensive medications could not be reduced (5.0 ± 1.7 vs. 5.2 ± 1.7) [55] . Fig. 6 HTN-3 trial results. Blood pressure at baseline and after 6 months for patients who underwent renal denervation and for the control group (sham intervention only) (adopted from [46] ).
The previously reported response rate (treatment response = lowering of the systolic blood pressure in the office measurement of > 10 mmHg) of 84 -92 % in the Symplicity HTN-1 and Symplicity HTN-2 study [30, 33] must also be reevaluated in light of the HTN-3 study. Using surgical sympathectomy a significant blood pressure reduction could only be achieved in ≈ 66 % of patients [15] . However, a systolic blood pressure reduction of 20 mmHg had to be achieved for treatment response. Using surgical sympathectomy the blood pressure reduction lasted for the entire follow-up period that was up to 13 years [15] . The results of other non-industry-initiated studies also show lower response rates of e. g. 25.6 % in 39 patients [57] . The first long-term follow-ups indicated that the percentage of non-responders decreases with increasing time since denervation [55] . For instance, the percentage of non-responders among the HTN-1 participants was 31 % after 1 month and 7 % after 36 months. Finally, the pathophysiological causes of a lack of response or a quick or delayed response in these studies remain unclear, so that additional studies, e. g. follow-up studies with determination of the noradrenaline spillover rate.
The results of the HTN-3 study also raise questions as to which parameters are predictive for treatment response and may allow better patient selection. Smaller studies to date have shown that a high systolic blood pressure at the time of intervention (p < 0.001), the intake of centrally acting sympatholytic agents (p = 0.018), and a low heart rate (p < 0.004) could be independent predictors for treatment response [30, 33] . Ablation characteristics such as the number of ablation points and the average ablation temperature also seem to affect treatment response [57] . For example, the blood pressure decreased by an average of 31.7/ 11.2 mmHg in patients in whom an average of 15.5 ± 2.9 ablation sites were applied while this value was only 15.4/ 3.4 mmHg in the case of 10.3 ± 1.3 ablation sites (p < 0.01).
A similar trend was seen for the average ablation tempera-ture (temperatureblood pressure lowering: 61.4 ± 2.2°C -43/20.4 mmHg vs. 56.4 ± 1.5°C-28.5/7.4 mmHg, p < 0.01). However, due to the overall low non-responder rate in studies to date, predictors for a lack of treatment response could not yet be determined. In a recently published subgroup analysis, a trend in favor of the effectiveness of renal denervation in Caucasians in contrast to African Americans was seen even if statistical significance was not reached [58] .
Since the percentage of African American patients was lower in earlier studies, this changed composition of the study population may have partially contributed to the negative outcome of the HTN-3 study. The extent to which these and other subgroup analyses of the HTN-3 data allow additional conclusionsmust be awaited.
Additional effects of renal denervation.
In addition to the blood pressure-lowering effect, focus is increasingly being placed on changes of other sympathetically innervated organs or organ functions. In addition to the blood pressure reduction, an improvement of the hyperinsulinism and insulin resistance present in metabolic syndrome seems to occur: 3 months after renal denervation the fasting glucose level (118 ± 3.4 vs. 108 ± 3.8 mg/dL), the insulin level (20.8 ± 3.0 vs. 9.3 ± 2.5 μIU/mL) and the (calculated HOMA) insulin resistance decreased significantly [59] . However, these study populations were relatively small collective and not fully randomized [59, 60] . Also a decrease of left ventricular hypertrophy (decrease in left ventricular mass index 6.3 ± 2.2 to 9.6 ± 1.9 g/m 2.7 ) and an improvement in the left ventricular diastolic function were described [61] even though this study also has methodological weaknesses (including a lack of data regarding changes in antihypertensive medication in the follow-up period, echocardiography instead of the gold standard of cardiac MRI for determining the left ventricular mass) [62] . Fig. 7 Long-term course of blood pressure reduction after renal denervation. For 88 patients, the follow-up duration was 34 months (figure adopted from [54] ).
In a quality of life analysis, 75 % of patients indicated feeling "much better" and 21 % felt "better". 4 % indicated no change in quality of life [63] . Studies to date have excluded patients with chronic renal diseases (GRF < 45 ml/min/1.73m 2 ) even though renal denervation seems theoretically/physiologically benefitial in these patients since limited renal function can be associated with sustained sympathetic nervous system activation [19] . This hypothesis was tested in 15 patients with chronic renal insufficiency 3°-4°(mean estimated glomerular filtration rate (eGFR) 31 ml/min/1.73 m²) with CO2 angiography being performed in 6 patients [64] . In addition to a reduction of the systolic and diastolic blood pressure (mean reduction of office blood pressure of 34/14 mmHg after 1 month, of 25/11 mmHg after 3 months, of 32/15 mmHg after 6 months and of 33/19 mmHg after 12 months), the physiological circadian rhythm with nightly blood pressure reduction was additionally restored. Renal function and retention parameters (eGFR, cystatin C, urea) as well as the renal plasma flow did not show any significant changes [64] . However, there are currently no clinical studies with larger numbers of patients proving this influence on the circadian blood pressure regulation in patients with renal insufficiency. Since there is a risk of further worsening of renal function in these patients as a result of contrast-induced nephropathy or acute renal failure due to interventionassociated cholesterol embolism [65, 66] , patients with chronic renal diseases and a GFR < 45 ml/min/1,73 m 2 should currently not be treated with renal denervation outside of controlled studies.
Side effects, complications
The authors of previous studies consider the safety of renal denervation proven regardless of the catheter system used. However, direct periprocedural complications and a possible worsening of renal function should be reviewed separately.
In the three largest studies published before the HTN-3 study, a total of 305 patients were treated and followed-up [33, 40, 55] . New or progressive renal artery stenosis occurred in 6/305 (2.0 %) patients, renal artery dissection occurred in 1/305 (0.3 %) patients, complications in the region of the access path such as hematomas or aneurysms occurred in 12/305 (3.9 %) patients, and intraprocedural bradycardia occurred in 17/305 (5.6 %) patients [30, 33, 56] . This seems to be an acute effect of ablation since the blood pressure regulation and the chronotropic competence are retained after renal denervation [67] . Outside of these studies, de-novo renal artery stenosis developed in one patient [68] , and preexisting renal artery stenosis progressed in another patient during the follow-up period [68] . However, it must be critically noted here that the limited follow-up interval and particularly the follow-up methodology are not suitable to detect slowly progressing changes in vascular wall morphology. Although imaging was performed in the HTN-2 study after 6 months in 43 (87 %) patients, CT or MRI was performed in only 10 (23 %) patients while the remaining patients underwent merely an ultrasound examination [33] . In the long-term follow-up of all patients treated in the HTN-1 and HTN-2 studies, imaging follow-up (CT, MRI, or ultrasound) was only available in 53 % of the patients. In a porcine animal model, no inflammation was found at the ablation sites after 6 months, but instead increased fibrosis of the middle coat of the vessel [70] that does not contain any sympathetic nerve fibers and thus is not the primary target region of ablation. The safety of renal denervation was also evaluated in the HTN-3 study. There were 5 (1.4 %) major complications in the denervation group vs. 1 (0.6 %) complication in the control group (p = 0.67). Major complications were a combined end point of death for any reason, renal failure IV°, embolic end organ damage, vascular complication, hypertensive crisis < 30 days after denervation and de-novo renal artery stenosis > 70 % within 6 months after denervation. The authors conclude that renal denervation is a safe treatment procedure. This conclusion may seem correct but a "fair" comparison is needed here. If the typical denervation-associated complications (newly occurring renal insufficiency, increase in serum creatinine > 50 %, embolic end organ damage, vascular complication requiring treatment, de-novo renal artery stenosis > 70 %that are representative for the safety of the interventionare taken into consideration, there were 8 (2.2 %) complications in the denervation group and 1 (0.6 %) complication in the control group. Even if no statistical significance is achieved here due to the low number of events in both groups, the relative complication risk is 3.85 to the disadvantage of renal denervation. The access path complication rate of 0.3 % specified by the authors is very low and may be able to be attributed to the special care used for study patients. For use in the clinical routine it must be assumed that the average complication rate will correspond with the typical average complication rate of 1.3 % [71] . As in the HNT-1 and HTN-2 trial, the follow-up methodology for detecting renal artery stenoses again is problematic since only Doppler ultrasound was performed to detect renal artery stenoses [50] . Doppler ultrasound has a significantly lower sensitivity and specificity compared to CT and MR angiography [72, 73] . The extent to which this result would change in the case of corresponding follow-up via MR or CT angiography is currently speculative. To date, there has not been significant or clinically relevant worsening of renal function within a year of renal denervation that was to be attributed to renal denervation [33] . Minimal worsening of the GFR (from 87 ± 19 ml/min/ 1.73 m 2 to 82 ± 20 ml/min/1.73 m 2 ) occurred in only one study [41] . Significant worsening was not seen in the denervation group or in the control group even in the HTN-3 study in which the renal function was determined by the serum creatinine, cystatin C and estimated GFR. This is notable since on average twice the contrast agent volume was used in the denervation group compared to the control group (177.0 ± 76.6 ml vs. 78.6 ± 51.9 ml) [47] .
Patient selection
Only patients whose systolic blood pressure values were regularly over 160 mmHg despite of receiving 3 or more antihypertensive medications were included in the Symplicity HTN-1, Symplicity-HTN-2 and EnligHTN studies. However, the average blood pressure in the Symplicity HTN-2 study was 180/100 mmHg under treatment with an average of 5.2 antihypertensive medications. These limits differ from the current definition of treatment-resistant hypertension (> 140 mmHg under ≥ 3 antihypertensive medications) [2, 73] . In a first study including 54 patients with moderate hypertension (≥ 140/90 mmHg and < 160/100 mmHg under treatment with an average of 5.1 ± 1.4 antihypertensive medications), the blood pressure decreased by an average of 13/7 mmHg following renal denervation [75] . The blood pressure reduction was thus significantly less than in the originally defined patient population of the HTN-1 and HTN-2 studies. This coincides with pharmacological studies in which the extent of the blood pressure reduction correlates with the preinterventional blood pressure level [33] .
Outlook ! Although the principle treatment approach of renal denervation is plausible on the basis of historic data, results from animal experiments [17, 26] and human studies [15, 19] , the HTN-3 study as the first controlled, randomized, and blinded study after the initial positive study results [33, 40, 51] provided sobering information with respect to blood pressure reduction by renal denervation being superior to optimal treatment with medication [47] . If this is the end of renal denervation for treatment-resistant hypertension currently cannot be predicted. In addition to effectiveness, the safety of the method plays an important role in the future of renal denervation. Relevant complications seem to be rare although weaknesses in the follow-up must be taken into consideration [47] . With regard to the blood pressure reduction and response rate to be achievedparticularly also in light of the discrepancy between the results of the HTN-3 study and previous studies with the above-mentioned flaws in study design, more realistic expectations seem appropriate. The Symplicity catheter system used in the HTN-3 study requires manual placement of the ablation sites in a helical configuration with a deviation from the ideal geometry possibly affecting the percentage of ablated nerves and thus affecting the treatment effect. In this regard systems with a predefined geometry of ablation sites may possibly be "more robust" with respect to blood pressure lowering. However, it is astonishing that a manufacturer of such a system announced its withdrawal from this market without giving a reason [34] . The influence of ablation geometry, i. e. position and density of ablation sites, should be examined in future studies.
Regarding the clinical use of renal denervation, strict compliance with the interdisciplinary guidelines must be ensured. Currently, renal denervation should only be used in controlled studies and Clinical routine use cannot be recommended on the basis of the available data. In the future, studies with hard morbidity and mortality end points are required in addition to studies re-examining the effectiveness of renal denervation.
Summary
!
Renal denervation is a novel, minimally invasive, catheterbased treatment option that could be of clinical use for a series of indications. The best examined indication to date for this novel method is treatment-resistant hypertension.
Previously available data showed extraordinary effectiveness for this indication with respect to blood pressure lowering and other parameters. However, the current results of the first controlled randomized and blinded study could not show sufficient superiority of renal denervation plus optimum treatment with medication compared to optimum treatment with medication alone [47] . Since the indications and contraindications for renal denervation were developed in an interdisciplinary manner based on initial study results [12] , an update of the guidelines and a reevaluation of the method under consideration of the HTN-3 data are required. Until that time, the more or less routine clinical use of renal artery denervation as used in treatment-resistant hypertension in Germany should be suspended. At this time is cannot be ruled out that "treatment-resistant hypertension" will represent only a limited indication or no indication at all for this interventional procedure in the future. The analysis of the HTN-3 study data may help to identify subgroups of treatment-resistant patients for whom renal denervation can be useful in the futurein clinical studiesand possibly with other ablation systems. Other indications such as sleep apnea syndrome and insulin resistance should remain the object of clinical research. 
